BACKGROUND/OBJECTIVES: The effect of added sugar on health is a topical area of research. However, there is currently no analytical or other method to easily distinguish between added sugars and naturally occurring sugars in foods. This study aimed to develop a systematic methodology to estimate added sugar values on the basis of analytical data and ingredients of foods. SUBJECTS/METHODS: A 10-step, stepwise protocol was developed, starting with objective measures (six steps) and followed by more subjective estimation (four steps) if insufficient objective data are available. The method developed was applied to an Australian food composition database (AUSNUT2007) as an example. RESULTS: Out of the 3874 foods available in AUSNUT2007, 2977 foods (77%) were assigned an estimated value on the basis of objective measures (steps 1-6), and 897 (23%) were assigned a subjectively estimated value (steps 7-10). Repeatability analysis showed good repeatability for estimated values in this method. CONCLUSIONS: We propose that this method can be considered as a standardised approach for the estimation of added sugar content of foods to improve cross-study comparison.
INTRODUCTION
The term 'added sugar' is usually understood to mean sugar added to foods during processing. In many countries, the majority of sugar added to food is in the form of refined sucrose, but it may include other monosaccharides and disaccharides containing ingredients such as glucose and fructose (and their syrups), as well as corn syrup or high-fructose corn syrup (used more regularly in the United States of America). 1 Added sugar is a prime target for nutrition intervention, as it provides 'empty calories', or calories with little or no associated nutrients. Studies have shown that a high intake of added sugar (e.g., 420% of energy) can dilute the nutrient content of the diet [2] [3] [4] [5] and increase the total daily energy intake, 6 potentially resulting in weight gain. 7 Limiting the intake of added sugar has been advocated by many key government and public health agencies. [8] [9] [10] Dietary intake of added sugar is difficult to assess accurately, as there are no analytical methods that distinguish between added sugar and naturally occurring sugars such as those in fruits, vegetables and milk. Largely for this reason, the provision of added sugar content on food labels is not mandatory. Several countries have attempted to provide food composition databases with added sugar values estimated from the combined composition and ingredient lists provided by food manufacturers. [11] [12] [13] This has enabled the exploration of the association between added sugar and health outcomes. [14] [15] [16] [17] [18] Unfortunately, in many other countries, including Australia, such information is not readily available.
Various methods to estimate added sugar contents of foods have been described previously. 11, [19] [20] [21] Although the principle of added sugar estimation of these methods is the same, that is, added sugars = total sugars − naturally occurring sugars, they remain inconsistent and most methods require a high level of understanding of food composition to make subjective decisions, or they require additional data from the food industry. For example, the 59-step method proposed by Roodenburg et al. 19 used average values (as proportion of total sugars) for many of the packaged foods, for example, canned vegetables in syrup and cornflakes, as well as data from the food industry. Many steps in that method are also specific to a single food group. On the other hand, the method used by the US Department of Agriculture (USDA) was not outlined in detail, 11 precluding adoption by other researchers. Differences in product formulations between countries 22 also mean that methods based on food composition are unlikely to be reliable in other countries without further modification.
Newer analytical methods that allow the amount of individual sugars to be quantified using high-performance liquid chromatography 23 have been incorporated in some methods, 11, 19 improving the reliability of estimating added sugar content of foods. It should be noted that although highperformance liquid chromatography is able to identify individual types of sugars, it is still unable to distinguish between naturally occurring sugars and added sugars. In some cases, individual sugar types could reasonably be assumed to be naturally occurring, for example, lactose in dairy foods. The high cost associated with high-performance liquid chromatography makes testing every single food item in the food composition database prohibitively expensive. As a result, database providers such as Food Standards Australia and New Zealand have prioritised their laboratory testing to examine foods that are likely to contain different types of sugars. 24 To provide reliable between-country comparisons of added sugar intake, a standardised objective methodology that allows for the differences in product formulation and cultural preparation of foods is required. The aim of this study was to develop a systematic methodology to estimate added sugar values on the basis of analytical data and ingredients in food products. This methodology was then applied to an Australian food composition table 25 to estimate added sugar values for all foods.
MATERIALS AND METHODS

Definition of added sugar
In this work, the term 'added sugar' was defined similarly to that used by the USDA-that is, refined sugars added during cooking or manufacturing. 11 By using this definition, the following sweeteners are considered added sugars: sugar (granulated (sucrose), brown, powdered and maple); monosaccharides and disaccharides (e.g., fructose, lactose, maltose, glucose (dextrose)); single-ingredient syrups (light corn, dark corn, high-fructose corn, maple, malt, sorghum); honey and molasses; and maltodextrin. Despite being used as sweetening agents in some foods, sugar alcohols were not included as added sugars in this definition, because they are not monosaccharides or disaccharides, and thus they are not normally considered as 'sugars', such as in the Australian and New Zealand Food Standards Code. 26 In line with the approach of the USDA 11 and Somerset, 27 undiluted fruit juice concentrate was considered as added sugar in this definition, whereas diluted fruit juice concentrates were considered to have no added sugar. This is because diluted fruit juice concentrates have similar composition to normal fruit juices, where the sugar content by weight is low, making them ineffective as sweeteners. Products sweetened only with low-energy sugar substitutes (intense sweeteners) were considered to have no added sugar.
Proposed methodology for estimating added sugar content of foods
The following process outlines the methodology that we propose for estimating the added sugar content of foods, in which steps 1-6 were considered to be objective and steps 7-10 were considered subjective. Derivation of formulas used in steps 4, 5 and 6 and worked example of steps 4-9 are provided in Online Supplementary File 1.
Step 1: Assign 0 g added sugar to foods with 0 g total sugars.
Step 2: Assign 0 g added sugar to foods in the following food groups:
(a) 100% Fruit/vegetable juice and juice/cordial base sweetened with artificial sweeteners only. These food groups were selected because they are either unprocessed or minimally processed with no added sugar. Gluten-free breads were excluded, as some of them may also be yeast-free, meaning that all sugars added to the recipe serve only as a sweetener and not as a processing aid. Pastries with dried fruits and/or nuts were excluded from this step, as dried fruits containing added sugar may be used, and some pastries with fillings tend to be sweetened with sugars, and hence the group is not homogeneous; another subsequent step that can correctly take these into consideration (e.g., step 4) should be used to estimate their added sugar content.
Step 3: Assign 100% of total sugars as added sugar for foods in the following food groups: These food groups were selected as they contain minimal amounts of naturally occurring sugars-for example, the sugar content of plain wheat flour (used in biscuits and so on) or soya beans is negligibly low (o0.5 g/100 g); 24,28 therefore, most, if not all, of the sugars present are likely to be added.
Step 4: Calculation based on standard recipe used in the food composition database-proportioning method where added sugar contents of ALL ingredients were available from steps 1 to 3
Added sugar per 100 g (AS 100 g ) is given by the following formula:
where W i is the weight of the ith ingredient in recipe, AS i is the added sugar content per 100 g of the ith ingredient and %W Δ is the percentage change in weight on cooking.
Step 5: Calculation based on comparison with values from the unsweetened variety.
Added sugar per 100 g (AS 100g ) is given by the following formula:
where S us is the total sugar content per 100 g of the unsweetened variety of the food and S total is the final listed sugar content.
Step 6: Decision based on analytical data. If analytical data for lactose are available, and the ingredients do not include dried fruits or malted cereals, added sugar content is calculated as total sugars − lactose. If the food contains malted cereals and lactose and maltose data are available, added sugar content is calculated as total sugars − lactose − maltose.
Step 7: Use borrowed values from similar products from steps 1 to 6 or from overseas databases.
Values from similar product(s) within local food composition databases (e.g., AUSNUT2007) should preferably be chosen in this step. If no similar product is available in the local database, values from an alternative database are borrowed, and the proportion of total sugars as added sugar is calculated for the borrowed food. The added sugar content of the target food is then estimated as total sugars × proportion of sugars as added (calculated from the borrowed food). The choice of the foreign database to borrow data from is dependent on the similarity of the food supply between the countries (e.g., type of foods available), and in the current example, data from the last updated version USDA added sugar database 11 were used given the similarity in the types of food available in Australia and the United States.
Step 8: Subjective estimation on the basis of ingredients and/or common recipes (e.g., obtained from popular recipe books).
Information on the ingredients list is used to guide the decision. Foods are deemed to have no added sugar if the ingredients listed do not contain added sugars. If the ingredients contain added sugars (or ingredients with added sugars), the proportion of sugary ingredient, for example, the percentage of sweetened raspberry in a raspberry-flavoured muesli bar, is used to inform the estimation. If information on proportion is not available, the order of appearance of the sugary ingredients and common recipes were used to inform decisions. For non-packaged foods, estimation is based on common recipes.
Step 9: Calculation based on the standard recipe that includes ingredients with values assigned at steps 5-8, using the proportioning method.
Step 4 is repeated here where more foods have their added sugar contents estimated after steps 5-8.
Step 10: Assign 50% of total sugars as added sugar. If estimation of added sugar content is impossible from steps 1 to 9, then added sugar is assumed to be 50% of total sugars. This is because foods with very high or very low amounts of added sugar would likely have had their added sugar content estimated at an earlier step.
A flow diagram illustrating the decision algorithm is available as Figure 1 .
Applying the method to an Australian food composition database The proposed method was initially applied to the AUSNUT2007 food composition database by a dietitian (JCYL). AUSNUT2007 is a food composition database compiled by Food Standards Australia and New Zealand for the analysis of the 2007 Australian National Children's Nutrition and Physical Activity Survey. 29 It contains complete data for 37 common nutrients for 3874 foods, as well as predefined linkages of branded items
Step 1. The food contain 0 g total sugars.
Added sugar = 0
Step 2. Does the food belong to one of the no added sugar food groups 1 ?
Step 3. Does the food belong to one of the 100% added sugar food groups 2 ? Added sugar = 100% total sugars
Step 4. Are added sugar content of all ingredients in the standard recipe known?
Calculate added sugar based on proportioning method 3
Step 5. Is there a comparable unsweetened variety of the food? Calculate added sugar based on unsweetened variety method 4
Step 6. Are analytical data of individual sugar types available? Estimate based on analytical data 5
Step 7. Are there any similar products with known added sugar content (from overseas database or from steps 1 -6)? Borrow value from similar foods 6
Step 8. Could the added sugar content of the food be subjectively estimated based on available information? 7 1 Include 100% fruit/vegetable juice and intensely sweetened juice/ cordial base, non-sugar-sweetened milk, buttermilk, breast milk, non-sugar-sweetened dairy products (including intensely sweetened yoghurts), oats and porridge with no added sugars, fresh fruit, vegetables (including salads with no dressing), meat, seafood and tofu, fruits canned in juice or intensely sweetened liquid, dried fruits, eggs and egg products (except egg-based desserts), all spices and herbs, all oil and fats, all plain cereal grains, pastas, rice and flours, nuts (except sweetened varieties and nut bars), coconut (and products) and seeds, non-sweetened alcoholic beverages, legumes, non-sweetened coffees, mixed meat dishes with no sugary ingredients, plain bread (except gluten-free), English muffin, bagels, pizza bases and naan, plain pastry, intensely sweetened jam and beverage base. 2 Include sugar and syrups, regular soft drinks, sport drinks, flavoured water and non-fruit-based energy drink, coffee and beverage base with no milk solids, dry or made up with water, breakfast cereals and cereal bars without fruits, chocolate or milk solids, processed meats, stock powder, savoury biscuits and sweet biscuits, cakes and buns, donut and batter-based products that do not contain fruits, chocolate or dairy products, all confectionery except fudge, crumbed/battered meat and seafood, soy beverages and yoghurt. 3 Added sugar per 100 g (AS 100 g ) is given by the following formula:
, where W i is the weight of the ith ingredient in recipe, AS i is the added sugar content per 100 g of the ith ingredient and %W Δ is the percentage change in weight on cooking. 4 Added sugar per 100 g (AS 100 g ) is given by the following formula:
, where S us is the amount of sugar in the unsweetened variety of the food, and S total is the final listed sugar content. 5 If analytical data for lactose are available, and the ingredients do not include dried fruits or malted cereals, added sugar content was calculated as total sugars − lactose. If the food contains malted cereals and lactose data are available, added sugar content was calculated as total sugars − lactose − maltose. 6 Values from foods with similar nutritional compositions and, where possible, within the same food group were borrowed. The proportion of total sugars as added sugar was calculated for the borrowed food. The added sugar value of the target food will then be estimated as total sugars × proportion of sugars as added (calculated from the borrowed food). 7 Information on the ingredients list was used to guide the decision. Foods were deemed to have no added sugar if the ingredients listed did not contain added sugar. If the ingredients contained added sugar, the proportion of sugary ingredient, for example, the percentage of sweetened raspberry in a raspberry-flavoured muesli bar, was used to inform the estimation. If information on proportion was not available, the order of appearance of sugary ingredients and common recipes were used to inform decisions. For non-packaged foods, estimation was based on common recipes. with generic items. AUSNUT2007 was the preferred choice of food composition database for many Australian nutrition professionals, as it contains a large range of commercially available foods and is the most current complete Australian food composition database. Foods in AUSNUT2007 were classified into 23 broad food categories. 30 Percentage change in weight owing to cooking is also provided. Nutrient data of 1233 (32%) foods in AUSNUT2007 were based on data from NUTTAB2006, a food composition database with mainly chemically analysed data. Data for the remaining 2641 foods were derived using a 'recipe approach' based on standard recipes (n = 2153); from food labels (n = 236); calculated or imputed (n = 105); borrowed from the 1995 National Nutrition Survey database (n = 81) or similar items in overseas food composition databases (n = 61); or obtained from food manufacturers (n = 5).
Inter-rater repeatability of the proposed methodology
To examine the inter-rater repeatability of the method, a second researcher (HM) applied the same method to the same database. 25 The added sugar content of individual foods estimated by the two researchers was compared using paired sample t-tests and Pearson's correlations. A Bland-Altman plot was also created to assess the level of agreement between the two sets of values. The results were further stratified, where applicable, by steps chosen by researchers to estimate added sugar content. As added sugar values were constant for food items in steps 1, 2, 3 and 10, stratified analyses were not used. κ-Statistics were used to assess the consistency between two researchers in steps chosen, and the number of foods in which the two researchers used different steps to estimate the added sugar value was counted.
RESULTS
Estimation of added sugar content of foods in AUSNUT2007 database
Overall, 2977 foods (77% of all foods in AUSNUT2007) were assigned an estimated value based on objective criteria (steps 1-6), and 897 (23%) were assigned a subjectively estimated value (steps 7-10). The complete list of estimated added sugar content of all foods in AUSNUT2007, together with the steps that the values were based on, are available as Online Supplementary File 2. The added sugar content of a sample of commonly consumed foods estimated using our method is shown in Table 1 .
Inter-researcher agreement of choice of steps Results of agreement analysis between two researchers are shown in Table 2 . κ-Coefficient for consistency between researchers for steps chosen to estimate added sugar was 0.71 (P o 0.001). The biggest discrepancy in the choice of steps between the researchers occurred with steps 6, 8 and 10. For 76% of food items (n = 2946), both researchers used the same steps to estimate the added sugar values. Even though the two researchers used different steps to estimate added sugar content in the remaining 24% of food items, there was no significant difference between estimated values (mean difference − 0.15 ± 6.40 g; P = 0.46), and the Pearson's correlation coefficient was 0.92 (P o 0.001). Inter-researcher repeatability There was no significant difference for added sugar values estimated between two researchers for all 3874 food items (P = 0.89). Findings also showed a significant correlation for these values between two researchers (r = 0.97, P o0.001). Results of Bland and Altman assessment 31 for all items are shown in Figure 2 , and Bland and Altman plots stratified by steps are available as Online Supplementary File 3. Only 73 (1.9%) of the 3874 foods had a difference between the values estimated by the two researchers outside of the limits of agreement (i.e., mean difference ± 1.96 × s.d.). The R 2 linear for the plot is 0.004, indicating that there is no significant systematic bias. The difference between estimated values between the two researchers was o ± 0.5 g per 100g in 83.2% of the 3874 food items in the data set. The discrepancies observed were resolved via discussions between the two researchers, with the values presented in the Online Supplementary File 2 considered as final.
Findings of repeatability analyses stratified by steps in the 2946 food items where both researchers used the same steps, are shown in Table 3 . For all steps analysed, the correlation coefficients are above 0.97, indicating excellent correlation between the two sets of values. In addition, although for some steps the paired t-test showed a statistically significant difference, the magnitude of the difference is negligible. Out of these 2946 foods, 2702 (91.7%) had a less than ± 0.5 g difference between the values estimated by the two researchers.
DISCUSSION
Using this method, we were able to estimate objectively the added sugar content of more than three-quarters of the 3874 foods in AUSNUT2007, which significantly minimises subjective bias. Unlike previous methods, 11, [19] [20] [21] most of the steps in this method do not require sophisticated understanding of composition of individual foods, with the exception of food grouping, which is usually readily available in national food composition databases. 25 This method therefore presents a simple way with reasonable accuracy and good repeatability to estimate the added sugar content of foods. In addition, step 5 of this method is a new approach to objectively estimate added sugar content when the total sugars content of the unsweetened variety is available, which could significantly improve the accuracy of the estimation.
There is currently no analytical method to distinguish between naturally occurring and added sugars (and it is unlikely that any feasible method will be available in the future). Our approach will allow accurate and reliable estimation of added sugar contents of foods, especially processed and packaged foods, that are necessary to progress research around nutrition and public health issues, which has so far been limited, [32] [33] [34] [35] [36] [37] [38] owing to the lack of reliable data. This is especially important, as the USDA has recently decided to withdraw their added sugar database, citing difficulties in updating the database with product formulation constantly changing and food manufacturers being reluctant to share 'proprietary' information with the public. 11 With this standardised method, there is scope to compile a regularly (e.g., annually or biannually) updated added sugar database for both branded and generic food items that would allow monitoring of the levels of added sugar in different food products in the food supply across the years, as well as longitudinal examination of the association between added sugar intake and health outcomes. Regular collection of food label data that include ingredient data, as is the case in Australia, 39 would facilitate the regular updating of the database using our proposed method. Changing the food labelling law to require added sugar content to be disclosed on food labels, as recommended by the recent review of the American food labelling regulations, 40 will further assist in the compilation and maintenance of an added sugar database. 
Mean of added sugar values estimated by two researchers (g/100g)
Mean difference = -0.007 Upper Limit of Agreement = 6.31 Lower Limit of Agreement = -6.32 Figure 2 . Bland and Altman plot for difference in added sugar values between two researchers for 3874 food items. Solid line: mean difference; short strip lines: 95% limits of agreement; long strip lines: fit line.
It should be noted that the AUSNUT2007 database provided with the current paper is intended for use to analyse its corresponding survey data set, 41 and as such it does not require constant updating, although practitioners may choose to use it to analyse dietary intake of individuals in their practice. They are alerted to the limitations of the data set (as outlined in the online Supplementary Table) .
Strengths of the proposed method
On comparing the current proposed method with those developed previously, 11, [19] [20] [21] our method appeared to be simpler and more accurate. In particular, our method has used only two food group-specific steps (steps 2 and 3) that are used to assign 0 or 100% total sugars as added sugar, an approach that is also used in other methods. 19, 20 In addition, we have also minimised the use of blanket estimation-that is, the proportion of total sugars as added sugar. In the method developed by Roodenburg et al., 19 the blanket approach was applied to 19 out of 59 steps. For example, canned fruits in syrup were assigned a blanket value of 48% total sugars as added, compared with an average of 45% (range: 0-95%) in the current method. Other notable differences between the current method and the method proposed by Roodenburg et al. 19 Although these differences may be true owing to differences in product formulation, it highlights the limitation of using a blanket approach that it is likely to result in overestimation and underestimation of added sugar content given the high variability in the proportion of total sugars as added sugar in food products.
The other strength of this method is its good repeatability. Agreement in choosing steps and inter-rater agreement for the values indicate high repeatability of the method and demonstrate the facilitation in decision-making process. Using this systematic method, two researchers chose the same steps for the majority of food items, and the difference between estimated values was o0.5 g in 480% of cases. Other methods for estimating added sugar did not report the repeatability of their methods 11, 19 or reported low repeatability owing to the lack of clarity in the estimation process. 20, 21 Therefore, we propose that this systematic method with good repeatability can be used as a standard method to estimate added sugar content of food items.
Limitations of the proposed method
As with other methods used to derive food composition data, except perhaps laboratory testing, the current proposed method has a number of limitations. First, data for individual types of sugars are sometimes unavailable. However, advances in analytical techniques in recent years mean that these data are now more easily obtainable. If there is no source of naturally occurring sugars (e.g., fruit/dairy) listed as an ingredient, it can be reasonably safe to assume that any sugar detected will be added.
Second, assumptions were made around the consistency of added sugar content of food groups in steps 2 and 3 (0 or 100% sugars as added sugar). For example, all plain breads were considered to contain no added sugar, because in most cases all sucrose added to bread in the baking process will be used up in the fermentation of the dough. However, this may not be true in some cases owing to differences between manufacturers; for example, in the United States some 'plain' breads have extra sugars added. 22 Users (especially international users) may need to choose another suitable step to estimate the added sugar content, or attempt to obtain the required information to allow better estimation. In addition, in some countries the addition of refined sugars to 100% fruit juices without labelling is permitted by food law; for example, up to 4 g/100 g refined sugars could be added to 100% fruit juices in Australia, 42 to allow standardisation of sugar content in fruit juices across seasons/years. Although technically these sugars are 'added sugars', it is in our opinion that they should be excluded from the definition of 'added sugar' as they do not increase the overall sugars or energy content of the fruit juices above their natural level. On the other hand, food groups assumed to have 100% sugars as added sugar (step 3) were selected on the basis of the assumption that the only source of sugars in these foods is added. Most of the food groups listed are either beverages with no fruit or milk content or cereal-based products with no fruit or milk content. For the latter, as the sugar content of cereals is negligibly low, for example, o 0.5 g/100 g for wheat flour, it is not unreasonable to assume that all sugars contained in these foods are added.
Third, to produce reliable estimations using this method, the food composition database should at least provide data for lactose. Availability of data for other types of sugars may further improve the decision-making process. Differences in legislation and unavailability of analytical data for individual types of sugars may also render some steps (e.g., step 6) in the current method unusable. Furthermore, in this method, all lactose in foods were assumed to be naturally occurring (as a component of milk or other dairy products), and it was assumed there was neither loss nor hydrolysis of sugars on cooking.
Step 6 of this method therefore tends to overestimate or underestimate the added sugar content, because it is based on analysed lactose content, which may be hydrolysed during cooking, especially in acidic environment, 43 and/or used as a sweetening agent or an excipient to a sweetening agent in some countries despite its relatively low sweetness compared with other sweeteners. 44 Fourth, in order for step 8 to work, ideally the ingredients list should provide the actual proportion of characteristic ingredients, as is the case in Australia. 45 Alternately, the ingredient list should at least list the ingredients in descending order by weight, allowing some assumptions to be made (e.g., if salt and food additives were listed higher than sugar, then it could be reasonably assumed that the proportion of added sugar was small). The estimated added sugar content of foods derived from a recipe may also be significantly different from the true analytical values owing to variations in recipes and formulations, sampling time frame, seasonality of fresh produce, fermentation processes and other factors, but this is true for all estimated nutrients.
Finally, although this method tried to minimise the subjectivity of decision-making, some subjective decisions in choosing steps are inevitable, as shown in the repeatability analysis. Further details in the description of subjective steps may help alleviate this limitation because the most disagreement between researchers applying this method was found in the choice of subjective steps (8 and 10), as identified by the extreme values in the Bland and Altman assessment ( Figure 2 ). Despite disagreement in choosing steps for some food items, the differences between the estimated added sugar values for most of these items were small, although some extreme differences were identified in the current study. In the discussion to resolve the discrepancies, it was revealed that these extreme differences arose from the misunderstanding of the properties of a small number of foods by one of the researchers-for example, the use of dextrose and/or maltodextrin, both considered added sugars in our definition, as bulking agents in an intense sweetener formulation, which resulted in a 97 g/100 g discrepancy. This was resolved easily after clarification. We therefore propose that as a best practice two persons should conduct the estimations independently using the proposed method, at least for the subjective steps, and any anomalies between the two sets of data should be resolved via discussion, as we have done here. A third researcher can act as the adjudicator should the discrepancy be unresolvable via discussion, similar to the standard approach in systematic reviews to reduce the risk of bias. 46 Nevertheless, the number of food items that had been considered for subjective steps were relatively small, as it was possible to estimate values for the majority of foods based on objective steps.
CONCLUSIONS
The method presented in this paper provides an objective estimation of added sugar content in over three-quarters of the foods contained in an Australian food composition database, and thus subjective approaches were applied to only 23% of foods. We propose that this method be considered as a standardised approach in epidemiological studies for the estimation of added sugar content of food to improve cross-study comparison.
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